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APPENDIX

Selection of maps and figures showing water supplies, waste discharges, stream
conditions, and observed qualities of water throughout the Tennessee Valley.

Figures Watershed
I - 1,238,912 ' French Broad River
Im - 1,2,38,5 Holston River
Iv - 1,2,3 Little Tennessee River
V - 1,2,8,4,6 Clinch River
VI - 1,2,3 Hiwassee River
Vii - 1,2,3 Elk River
VII- 1,2,8 Duck River

Local area draining to the Tennessee
River between Knoxville, Tennessee,
and Chickamauga Dam

Local area draining to the Tennessee
River between Chickamauga Dam and
Guntersville Dam

Local area draining to the Tennessee
River between Guntersville Dam and
Pickwick Landing Dam

Local area draining to the Tennessee
River between Pickwick Landing Dam
and the Mouth of the River







DISCUSSION OF TERMS

Biochemical Oxygen Demand (BOD)

The biochemical oxygen demand is the quantity of dissolved oxygen removed from water
by biological organisms in the process of decomposing organic materials. The BOD provides
a measure of the strength of an organic waste. Values of BOD can be expressed in
concentration terms as milligrams per liter, or in terms of added or total stream loads in
pounds per day of oxygen demand. The BOD values given in this report are the dissolved
oxygen requirements during a standard period of five days at a temperature of 20° C.

Turbidity

Turbidity is matter suspended in water, such as clay, silt, and microscopic organisms, that
cause it to appear cloudy or muddy, rather than clear. Turbidity is measured by the degree
to which the suspended matter interferes with the passage of light through the liquid.

Color

Color in water should not be confused with turbidity. True color is caused by material in
solution, not by material in suspension. Suspended matter must be removed before the true
color determination is made. The color values in this report are expressed in standard
platinum cobalt units and provide a measure of the visual aesthetic acceptability of water
for various uses. Natural color in surface water is derived primarily from decaying
vegetation, particularly from forests, which imparts a yellow-brownish appearance to the
water. Color may also be introduced into water by wastes from industrial operations, such
as textile dyeing plants and pulp and paper mills.

Dissolved Oxygen (DO)

Dissolved oxygen is the free (chemically uncombined) oxygen in an aqueous solution. In a
sense, the dissolved oxygen is simply “mixed” into the liquid. There is a limit to the amount
of gaseous oxygen that water can hold in solution, depending upon the temperature of the
water and the atmospheric pressure existing at the location and time. Fish and other aquatic
organisms require this dissolved gas to carry on life processes.

Fecal Coliform Bacteria

All natural waters contain a wide variety of bacteria that originate from the soil and from
living or dead plants and animals. These bacteria generally are without sanitary significance.
Conversely, pathogenic or disease-producing bacteria usually are introduced into the
aquatic environment by sewage discharges. It is the presence of these disease-producing
bacteria that has special public health significance.

While it is possible to isolate and identify specific bacteria, it is not practical to do so in
routine tests for water quality. Instead, tests are made for “indicator” organisms, which are
present in much larger numbers than pathogenic bacteria. These ‘““indicator’ bacteria serve
as evidence of the possible presence of those that cause disease.

The most suitable test available for this purpose is identification of bacteria in the
“coliform” group—a group which includes micro-organisms of both fecal and nonfecal
origin. Fecal coliforms are among the micro-organisms present in both human and animal
wastes; they are found in sewage and in surface runoff. Recently developed laboratory
techniques allow a distinction to be made between fecal and nonfecal coliforms. This
laboratory technique, which gives a reliable estimate of the number of fecal coliforms in a
sample, is used by TVA. The presence of significant concentrations of fecal coliforms is
evidence of the possible presence of disease-producing bacteria.




Hardness

Hard water is that which requires considerable amounts of soap to produce a foam or suds.
Other undesirable effects of hard water are injury to fabrics, interference with some
industrial processes, and deposition of scale in hot water heaters and boilers, causing fuel
waste. In natural water, hardness is attributable principally to calcium and magnesium ions
and is derived largely from contact with soil and rock formations, particularly limestone.
Certain industrial wastes also contribute significantly to hardness. The principal minerals
causing hardness in order of their relative abundance in natural waters are calcium,
magnesium, strontium, and ferrous iron.

pH

pH is a term used to express the intensity of the acid or alkaline condition of a solution. In
pure water the concentration of hydrogen ions exactly equals the concentration of
hydroxide ions. Such a solution is neutral with a pH of 7. An acidic water (containing excess
hydrogen ions) will have a pH less than 7, while an alkaline water (containing excess
hydroxide ions) will have a pH greater than 7. Most of the inland streams in the United
States that support a good fish population have a pH in the range of 6.5 to 8.5.

7-day, 10-year Minimum Streamflow

The 7-day, 10-year minimum streamflow is the minimum average flow existing for seven
consecutive days and that occurs with a statistical frequency of one year in every ten-year
period.

Waste Treatment

Primary Treatment—Primary treatment is conventional treatment that removes a major
portion of the suspended and floating material from a waste. This is usually accomplished
by coarse screening, sedimentation, skimming, and solids disposal. Primary treatment of a
domestic waste usually removes approximately 30 percent of the BOD of the waste.

Secondary Treatment—Secondary treatment consists of some form of biological process,
normally applied to the liquid effluent from primary treatment, to accomplish oxidation of
the remaining suspended and dissolved organic materials. Common biological oxidation
processes include trickling filters, activated sludge, and stabilization ponds. Stabilization
ponds, which are also commonly called oxidation ponds or lagoons, are usually used to treat
sewage that has not received primary treatment. These processes are used for the treatment
of sewage and industrial wastes of a type amenable to purification by biological processes.
Secondary treatment, combined with primary treatment, can remove about 85-90 percent
of the BOD of domestic waste.

Tertiary Treatment—Tertiary treatment consists of additional conventional secondary
treatment processes applied after the waste has been subjected to conventional primary and
secondary treatment. An example of this is a stabilization pond following conventional
activated sludge treatment. Tertiary treatment of a domestic waste, combined with primary
and secondary treatment, should remove some 92-95 percent of the BOD.

Advanced Treatment—Advanced waste treatment usually refers to processes, techniques, or
systems that provide very high levels of treatment. These are not presently in common use in
the wastewater treatment field. Advanced treatment techniques, if used at all, are usually
applied after conventional treatment, but they may modify or replace one or more steps
comprising present conventional treatment.




SUMMARY

Overall, the streams of the Tennessee Valley are clean, yet stream pollution is a
serious problem in some locations. For reference, it has been estimated that 3,300 miles of
streams in the Valley have a 7-day, 10-year minimum flow greater than 25 cubic feet per
second. During low flows, water quality conditions in 63 reaches of streams and reservoirs,
totaling 987 miles in length, need improvement for one or more desirable uses.
Seventy-seven percent of these 987 stream miles is in streams that have 7-day, 10-year
minimum flows greater than 25 cubic feet per second. Thus, water quality needs
improvement in about 23 percent of the stream miles in the Valley that have a minimum
flow of 25 cubic feet per second or more. ’

Of all the desirable uses presently or potentially adversely affected by pollution,
propagation of warmwater fish is the one most extensively affected. In the Valley as a
whole, the conditions necessary for the continuing growth and vitality of warmwater fish
species are not attained in some 583 miles in 41 stream reaches. Use of streams as sources of
water supplies ranks second—38 reaches totaling 522 stream miles. Nonwater-contact
recreation is third—9 reaches totaling 141 stream miles. Water-contact recreation is
fourth—7 reaches totaling 86 stream miles. Management of coldwater fish is least affected—
10 reaches totaling 73 stream miles. The locations of stream and reservoir reaches where
present or potential water uses are affected by water quality conditions, with the exception
of some small streams, are shown in figure I-1. The appendix of this report contains a
selection of maps and figures showing water supplies, waste discharges, stream conditions,
and observed qualities of water throughout the Tennessee Valley.

There are seven major tributary basins in the Valley. Of these, the Holston and
French Broad contain more stream miles degraded by pollution than the others—227 and
199 miles respectively. Thus, these two tributary valleys, which represent only 22 percent of
the drainage area of the Valley, account for about 43 percent of all the stream miles in the
entire Valley where quality needs improvement.

Before July 1, 1971, the most serious single source of pollution in the Valley (based
on miles of stream affected) was an industrial plant located at Saltville, Virginia. Dissolved
chlorides, calcium, and sodium in the waste from this plant rendered some 80 miles of the
North Fork Holston River unfit to be used as a source of water supply. Water quality in
nearly 40 miles below the confluence of the north and south forks of the Holston River was
seriously degraded. In addition, water in many more miles of the lower Holston and upper
Tennessee Rivers was adversely affected by this waste. On July 1, 1971, the industrial
process that was the source of this chemical waste was closed permanently.

It is impossible in several cases to separate the effects of industrial pollution from
those of municipal pollution where both types occur within the same stream reach;
however, the industrial pollution that can be specifically identified seriously affects 464
stream miles (over 47 percent) of the 987-mile total. Similarly, municipal pollution
(including industrial waste discharged to the municipal systems) affects 193 stream miles
(over 20 percent) of the 987-mile total. The dissolved oxygen content in about 290 miles of
streams below 14 TVA dams and 2 other dams is seasonally affected by releases of water
from the lower levels of the reservoirs behind such dams.

Since 1969, a new problem—mercury contamination—has received widespread
attention after the Food and Drug Administration, in May 1970, announced specific
guidelines for allowable concentrations of mercury in the flesh of fish. Fish that contain
mercury in excess of these guidelines have been found in the North Fork Holston River,
Pickwick Landing Reservoir, and in Kentucky Reservoir. Although releases from the known




major sources of mercury have been reduced to acceptable levels, TVA is continuing a
program of sampling and analysis to monitor the anticipated reduction in concentrations
found in bottom sediments and the flesh of fish taken from these waters.

Each of the seven Tennessee River Basin states has an active program for control of
water pollution. In accordance with the Federal Water Pollution Control Act, as amended by
the Water Quality Act of 1965, all states in the Tennessee River Basin held public hearings
and adopted water quality criteria, implementation plans, and stream use classifications. All
of the Valley states have now received approval by the Environmental Protection Agency of
their water quality standards for interstate streams.

In order to have a uniform set of criteria to apply to streams throughout the Valley,
TVA’s water quality criteria were used in preparing this report. A tabular comparison of
state and TVA water quality criteria is presented in the text.State and TVA criteria differ
mainly with regard to temperature, dissolved oxygen, and coliform bacteria requirements.

The fact that a stream reach has not been designated in this report as degraded does
not imply that all municipalities, industries, and other potential sources of pollution along
that reach are meeting the basic waste treatment requirements.

At present, the major needs for pollution control in the Valley are in the area of
industrial waste. Control of the detrimental effect from these point sources of waste is
vested with the state stream pollution control agencies. Each Valley state utilizes a permit
system for waste discharges. Under these systems, implementation plans for pollution
abatement are developed for each source of waste in the Valley. Municipal sewerage systems
are accepting an ever-increasing proportion of industrial waste, however. This practice
complicates abatement of pollution in some situations.

The detrimental effects from mining and agricultural runoff are also of concern to
management of water quality in the Tennessee River Basin. Considerable background work
is needed in each of these broad, yet serious areas of impact on water quality.

Many structures for contolling water flow benefit the management of water quality.
The present operation with varying releases from these structures creates a complex problem
in the management of water resources. TVA is investigating various means of attaining and
maintaining acceptable levels of dissolved oxygen in the releases from these structures.

xii
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WATER QUALITY IN THE TENNESSEE VALLEY"

Introduction

TVA, as a resource development agency, has been concerned with water quality for
many years because of its importance to the optimum utilization of natural resources for
economic and social well-being in the Tennessee Valley. In 1966, TVA undertook a
basin-wide survey of water quality in the Tennessee Valley to help in the development of a
comprehensive plan for water quality management. The objective of the plan was to assure
that optimum levels of water quality for desired uses would be maintained where in
existence and reached where not.

Section 3 of Public Law 84-660 required the Federal Water Pollution Control
Administration, now the Office of Water Programs, Environmental Protection Agency, to
prepare pollution control programs in cooperation with other Federal and state agencies,
and with municipalities and industries involved. These plans are now a state responsibility, in
accordance with the provisions of Title 18, Code of Federal Regulations. This report
provides much of the basic information required in forming comprehensive plans for the
Tennessee Valley area. It was prepared by TVA with the assistance and cooperation of the
Southeast Region, Environmental Protection Agency. In addition, each of the seven Valley
states supplied information and basic data. This report describes the level of water quality
existing in all sizable streams and impoundments in the Tennessee Valley as of January
1969. It includes a statement of water quality objectives for the Valley that TV A considers
necessary if the water resource is to meet fully all of the water needs of the people and to
provide the greatest possible net benefit to the region. The report points out stream reaches
where water quality is below desired levels and the individual source or groups of sources of
the pollutants that produce these conditions. Since it was desirable to have a uniform set of
water quality criteria to guide in assessing water quality conditions in the entire Tennessee
Valley, only TVA water quality objectives and criteria were used for comparative purposes.

However, from information provided in the report, stream reaches where
improvements are required to meet other selected criteria or standards can easily be
determined. Complete data on the volume and strength of industrial wastes discharged to
Valley streams are not yet available. Consequently, only the population equivalent of
domestic wastes are shown on the maps of waste water discharges and stream conditions
contained in the appendix. In addition, not all sources of industrial waste shown on these
maps are discussed in the text.

This report presents essentially the water quality situation in the Tennessee Valley as
of January 1969. However, because of the time lapse since January 1969, it has been
necessary to update certain important items. For example, tabular comparison of state and
TVA water quality criteria is current as of November 1972.

1. This report is a summary of a more detailed three-volume draft report
“Comprehensive Plan for Water Quality Management in the Tennessee Valley,”” subtitled
“Water Quality, Including Needed Improvements, in the Tennessee Valley—1969" prepared
by TVA in January 1969.




The Water Resource of the Valley

The Tennessee River drains an area of nearly 41,000 square miles. Portions of seven
states—Virginia (8 percent of the basin area), North Carolina (13 percent), Georgia (4
percent), Tennessee (55 percent), Alabama (17 percent), Mississippi (1 percent), and
Kentucky (2 percent)—lie within its boundaries (figure I-2). The topography of the
watershed varies greatly. Rugged, forested mountains dominate the eastern portion of the
Valley; rolling hills and relatively flat farmlands lie to the west. From Mount Mitchell,
towering 6,600 feet above sea level near the eastern boundary of the watershed in North
Carolina, the elevation of the land surface ranges downward to Paducah, Kentucky, its
northwestern extremity, only a little over 300 feet above sea level.

The mountainous eastern portion of the Valley in North Carolina is drained by the
French Broad, the Little Tennessee, and the Hiwassee Rivers. The section of the Valley in
southwest Virginia is drained by the Holston and Clinch Rivers and their tributaries. Long,
generally parallel ridges and valleys characterize the Valley in southwest Virginia and eastern
Tennessee. From the point west of Chattanooga where the Tennessee River flows into
northeastern Alabama to its mouth at Paducah, Kentucky, the Tennessee River and its
major tributaries in the western half of the Valley—the Elk and Duck Rivers—generally drain
areas of rolling hills and flat farmlands.

Precipitation and Runoff

The Valiey receives ample precipitation, and due to moderate climate, nearly all of
this precipitation is in the form of rainfall. Although there is a rainy season—the winter and
early spring months—rainfall is reasonably well distributed throughout the year. This is an
important factor when considering water pollution since pollution problems are always
aggravated by unusually low streamflows—particularly during warm weather.

Some records of precipitation in the Valley date back more than 80 years. During
the past three decades the collection of basic water data has been intensified, primarily by
TVA. These data show that for the Valley as a whole, rainfall averages close to 52 inches a
year.

The highest precipitation is recorded in the mountains of the southeastern section of
the watershed. There at one location, near Highlands, in North Carolina, 93 inches of
precipitation falls in an average year . This mountainous region is also the area of greatest
variation in precipitation, with the lowest mean (87 inches) recorded near neighboring
Asheville. Elsewhere in the Valley precipitation usually ranges within 5 or 10 inches of the
basin’s average (figure I-3). More than half of the annual total is received in winter and early
spring, from November to mid-April. March is generally the wettest month, although at
some locations in the eastern sections of the Valley, mid-summer brings the highest
precipitation. Early autumn—September and October—is usually the driest season.

Even more important than rainfall in considerations of stream pollution is
runoff—that portion of the rainfall that remains after evaporation and transpiration losses.
Water collects in stream channels after either flowing directly over land surfaces or after
percolating into the soil, down to the water table, and out into the streams as groundwater
flow. Runoff in the Valley varies tremendously from location to location; however, taking
the Vally as a whole, during an average year a volume equivalent to 22 inches of rainfall
over the entire watershed is discharged from the Tennessee Valley into the Ohio River at
Paducah, Kentucky.
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Demography! and Economy

An estimated 3,208,000 people were living in this watershed in 1965. Between 1950
and 1960 the rural-farm population decreased from 35.7 to 17.9 percent of the population,
while the urban population increased from 31.9 to 39.0 percent. The estimated 1965 urban
and rural-nonfarm population was about 85 percent of the total. In 1960 six population
centers accounted for about 40.6 percent of the population. These areas are: Asheville (one
county); Bristol-Johnson City-Kingsport (three counties); Knoxville-Oak Ridge (three
counties); Chattanooga (two counties); Huntsville-Decatur (two counties); and
Florence-Sheffield-Tuscumbia (two counties).

Industrial development has produced this population shift from farms to urban and
rural-nonfarm areas. At the end of 1965, manufacturing provided employment for about
333,000 workers. The major manufacturing employers were chemical and allied products
(16.1 percent of the manufacturing employment); textile mill products (14.3 percent); and
apparel and finished fabric products (13.6 percent). However, the major water using
industries—chemical and allied products, primary metals, food and kindred products, and
paper and allied products—accounted for 32.6 percent of the manufacturing employment in
the Valley.

Stream pollution problems tend to correlate with the concentration of population in
towns and cities. Rural areas near the headwaters, which are usually free of industry, rarely
have significant problems of stream pollution. In contrast, the very nature of a city creates a
potential for stream pollution—not only by domestic sewage but also by industrial wastes
originating in manufacturing operations that provide the economic foundation for the city.
Timely provision of adequate waste treatment can prevent the development of pollution
problems downstream from any municipality or industrial development.

Present Water Uses

Water Supplies

Municipal— About two and one-half million residents, most of the small industries, and
many large industries in the Tennessee Valley are supplied with potable water on a 24-hour
basis by urban and suburban water systems. Approximately 972 urban and suburban water
systems are now operating in the watershed. They use an average of about 286 million
gallons per day, an annual total of 320,000 acre-feet. Most of their supply is withdrawn
from the watershed streams and rivers; the greatest volume is taken directly from TVA
reservoirs. Less than 19 percent of the total used by these systems is supplied from
groundwater.

Industrial—For the most part, industries in the watershed are concentrated along the
Tennessee River and on certain major tributary rivers—the French Broad, Holston, Hiwassee,
and Duck. Their water uses fall into several categories. They need potable water, water for
fire protection, and water for sanitary systems. They use water for cooling, boiler makeup,
and for process purposes in manufacturing. The ““wet’’ industries—those using large amounts
of water for processing and for cooling—include pulp and paper mills, synthetic fiber plants,
food processing and canning facilties, and chemical and metal industries.

1. These figures relate to the 93 counties that most nearly represent the watershed.
They should not be confused with other statistics reported for a larger region, such as the
125 counties lying wholly or in part within the watershed.




Use of industrial water in the Valley, not including that supplied and reported by
municipal systems and that used for condensing steam in steam-electric power generation,
amounts to a minimum of about 1.4 billion gallons per day, or 1.56 million acre-feet per
year.

The seven TVA steam-electric power generating stations located in the Tennessee
River Basin have a combined total requirement for condenser cooling water of about 7
billion gallons per day. This water passes through the condensers and returns to streamflow.
In addition, some relatively minor quantities of water are used for similar cooling by
private industries in the Valley.

The heaviest withdrawals of water for mining operations in the Tennessee Valley
occur in the Elk River and Duck River Basins where there are phosphate deposits, in the
French Board River Basin where mica and feldspar are the principal commercial minerals,
and along the Holston River where zinc mines are operating. Some iron ore is mined in
Alabama in the Bear Creek Basin. Some marble is quarried near Knoxville, Tennessee, and
near Murphy, North Carolina. Some copper is mined in the Hiwassee Basin. Barite deposits
are developed near the mouth of the Little Tennessee River, and coal is mined in the Clinch,
Emory, and Sequatchie watersheds and along the Tennessee River in northeastern Alabama.
Total use of water by all of these operations is relatively small—most of it used for ore
washing and flotation.

Agricultural—Water used in the Valley’s farm and other rural homes comes almost
entirely from wells and springs. Water for watering livestock comes primarily from surface
streams and ponds.

Even though the Valley as a whole receives an average of 52 inches of rainfall in a
typical year and the climate is considered mild and humid, water for irrigation is still used to
increase the productivity of certain farming operations. Whereas in 1964 some 14,100 acres
in the Valley were being irrigated, this figure in 1972 was lowered to 11,700 acres. This
represents an annual water withdrawal from streams, ponds, and reservoirs of 2.84 billion
gallons (8,700 acre-feet) in 1964, and 1.19 billion gallons (3,660 acre-feet) in 1972.

Fishing

Sport Fishing—TVA reservoirs contain more than 625,000 acres of water, essentially
all suitable for aquatic life. In addition, some 15,000 miles of streams contribute to and
have potential for fish and wildlife development. Many miles of streams in the Valley are
considered trout streams. The majority of these lie in the French Broad, Holston, Little
Tennessee, and Hiwassee watersheds. The number of 1-day sport fishing trips on TVA
waters is estimated at about 10-1/2 million per year; the catch runs between 7,000 and
10,000 tons. Expenditures including the cost of all goods and services required by these
fishermen are estimated to be about $93 million annually.

Commercial Fishing—Commercial fishing also contributes to the Valley’s economy.
In 1971 the commercial harvest of fish was about 3,880 tons, having a value of some $1.45
million. The annual harvest of mussels was estimated at 154 tons, with a value of about
$25,000. Four years earlier, in 1967, the mussel harvest amounted to 2,400 tons, with a
value of some $430,000.




Recreation

The more than 625,000 acres of water surface and nearly 11,000 miles of shoreline
of TVA impoundments receive extensive use for water-based recreation. In 1970 use of the
impoundments for swimming, water skiing, boating, and fishing, and of adjacent areas for
camping, picnicking, and other leisure time activities resulted in a total of over 47 million
visits. In addition to TVA facilities, 97 state, county, and municipal parks along the
reservoirs serve the expanding demand for water-based recreation. More than 435 small
areas, most of which are under 10 acres in size, have been conveyed to state or local
governments to guarantee to the public permanent and unrestricted access to the reservoirs.
TVA has transferred 179,000 acres to other public agencies for a variety of recreational
uses. This total includes 125,000 acres transferred to Federal agencies and 53,600 acres
transferred to state and local agencies. The value of recreation improvements on TVA lakes
by private interests and public agencies other than TVA has more than tripled in the past
decade and reached a cumulative value of nearly $310 million in June 1970.

Navigation

Navigation is a rapidly expanding use of the water resource. Since 1955 the tonnage
on the Tennessee River has more than doubled while the ton-mileage has increased over 60
percent. According to 1968 TVA estimates, traffic amounted to 22.9 million tons and 2.6
billion ton-miles. On a tonnage basis, water transportation carries about 35 percent of all
freight shipped to those industries located on the Tennessee River waterfront and 38
percent of the freight shipped from those industries.

Waste Discharges

In this Valley, as elsewhere, both treated and untreated wastes from industries,
municipalities, private homes, farms, and even floating craft are discharged to streams and
reservoirs. The actual volume of water available for other uses is not reduced by such use of
the streams for waste disposal, but where treatment is inadequate, the resultant lowering of
water quality can restrict or impair other uses quite severly. More than 308 industries and
484 municipalities, mobile home courts, motels, hospitals, schools, institutions, etc.,
discharge treated and untreated wastes into streams in the Valley. Before treatment the
domestic and industrial wastes (in the municipal sewage) discharged from these 484 sources
are equivalent on an organic basis to the untreated sewage from approximately 2,748,000
people. As discharged to the streams, the organic loads are equivalent to the untreated
sewage from 984,000 people—representing a reduction in load of about 64 percent.

Extensive use is made of water from streams and reservoirs in the Valley for cooling
purposes, principally at TVA’s large steam-electric power plants. However, no significant
water quality problems associated with discharges of warm water have developed in the
Valley.

Water Quality Objectives

TV A Water Quality Objectives

Water quality objectives adopted by TVA are based on the principle that the waters
of the Tennessee Valley should be of such quality as to promote and sustain those uses that
will result in the maximum net benefit to the people of the region, both now and in the
future. TVA’s water quality objectives, if attained, should provide the degree of water
quality required to promote and sustain those water uses that will result in maximum
benefit to the people of the region. These objectives fully recognize the value to the region
of protecting water quality to permit all desirable uses and the role that streams serve for
final assimilation of treated wastes.




Water quality objectives adopted by TV A apply in unregulated, streams to all levels of
flow equal to or greater than the 7-day, 10-year minimum. This level of flow is defined as
the minimum average flow for seven consecutive days that occurs with a statistical
frequency of one year in every 10-year period. This means that only on rare occasions
would water quality in natural streams be as low as the values stated in the objectives. The
objectives apply to all streamflows in regulated streams, since the flow could be shut off for
only a few hours and result in relatively high concentrations of pollution in the low
streamflows receiving even well-treated wastes. The objectives apply at all times to
impoundments, regardless of the flow that may exist.

TVA’s water quality objectives for surface waters in the Tennessee River Basin
follow:

Excluding only those streams having no natural flow in dry weather, all surface
waters of the Tennessee River Basin shall be of such quality as to be suitable (1) as
sources of municipal, industrial, and agricultural water supplies, (2) for the
propagation of warmwater fish, (3) for nonwater-contact recreation, and (4) for all
other uses that do not require water of higher qualities.

The waters of all impoundments in the Tennessee River Basin physically suitable and
available to the public for recreation shall be of such quality as to be suitable for
water-contact recreation. Water quality in certain specified reaches of free-flowing
streams, as required in the public interest, shall also be suitable for such recreational
usage.

In addition, water in certain specified streams and stream reaches shall be of such
quality as to be suitable for management of coldwater fish.

TVA water quality criteria to support these objectives are presented in the tables
on pages 11-16.

Stream Classifications Based on TVA Water Quality Objectives

Stream classifications based on TV A water quality objectives are shown in figure I-4.
Some of the very small streams designated for management of coldwater fish are not shown.
Reaches where improvements in water quality are needed to support uses shown in figure
I-4 were presented in figure I-1.

State Water Quality Standards

The Federal Water Pollution Control Act, as amended by the Water Quality Act of
1965, stipulated that the states must hold public hearings and adopt, before June 30, 1967,
water quality criteria and plans for implementing and enforcing these criteria for interstate
or navigable waters. In accordance with this provision, all states in the Tennessee River
Basin held public hearings and adopted water quality criteria, implementation plans, and
stream use classifications.

All of the Valley states have now received Environmental Protection Agency
approval of their water quality standards for interstate streams.

Comparison of State and TV A Criteria for Water Quality

In order to have a uniform set of criteria to apply to streams throughout the Valley,
TVA’s water quality criteria were used in preparing this report. A comparison of selected
parameters is possible from the following tables' which summarize the states’ and TVA’s

1. The tables are curtent as of November 1972.
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water quality criteria for various water uses. State and TVA criteria differ mainly with
regard to temperature, dissolved oxygen, and coliform bacteria requirements.

Considerable commentary is available concerning temperature effects on the
propagation of various species of fish and aquatic life; however, authorities do not agree on
the maximum temperature limits, deviation from the natural stream temperature, or rate of
temperature change desirable to protect fish and associated aquatic life. Expanded research
is needed to resolve this problem.

Comparison of Present Conditions With
TV A Water Quality Criteria

Overall, the streams of the Tennessee Valley are clean, yet stream pollution is a
serious problem. For reference, it has been estimated that there are 3,300 miles of streams
in the Valley in which the 7-day, 10-year minimum flow exceeds 25 cubic feet per second.
Water quality conditions in 63 stream and reservoir reaches, totaling 987 miles in length, are
unsuitable during low flows for one or more desirable uses. Seventy-seven percent of these
987 stream miles is in streams having 7-day, 10-year minimum flows greater than 25 cubic
feet per second. Thus, there is need for improvement in quality in about 23 percent of all
the miles of streams in the Valley having appreciable flow (minimum flows of 25 cubic feet
per second or more).

The effects of adverse water quality on present or potential water uses in the Valley
are summarized as follows:

Effects of Adverse W ater Quality Conditions on Water Uses

Summary for the Valley

Number of Stream Total Miles

Use Reaches Affected Affected
Water supplies 38 522
Propagation of warmwater fish 41 583
Nonwater-contact recreation 8 141
Water-contact recreation 7 86
Management of coldwater fish 10 73
Total for one or more uses 63 987

Since more than one use is affected in many stream reaches, the total number of stream
reaches and total miles affected are not the sums of the individual values listed.




Specific Parameters Defining Adverse Water Quality Conditions

Summary for the Valley

Number of Stream Total Miles

Water Quality Parameter Reaches Affected Affected
Temperature 1 36
Color 7 140
Taste and odor 1 17
Floating and settleable substances 5 43
Fecal coliform bacteria 28 293
Dissolved oxygen* 43 560
pH 3 48
Fluorides 1 3
Toxic substances 9 93
Other chemical substances 7 181
Total for the Valley 63 987

Of all the desirable uses presently or potentially adversely affected by pollution,
propagation of warmwater fish is the one most extensively affected. In the Valley as a
whole, propagation of warmwater fish is impaired in some 41 stream reaches, totaling 583
stream miles. Use of streams as sources of water supply ranks second—38 reaches totaling
522 stream miles; nonwater-contact recreation is third—8 reaches totaling 141 stream miles;
water-contact recreation is fourth—7 reaches totaling 86 stream miles; and management of
coldwater fish is least affected—10 reaches totaling 73 stream miles. The locations of stream
and reservoir reaches where present or potential water uses are affected by water quality
conditions, with the exception of some small streams, are shown in figure I-1. Details for
major tributary basins and the subdivisions of the main river are summarized as follows:

One or More Water Uses Affected by Adverse Water Quality Conditions

Summary for Major Tributary Basins and Subdivisions of Main River

Number of Stream Total Miles

Location Reaches Affected Affected
French Broad River Basin 9 199
Holston River Basin 10 227
Little Tennessee River Basin 4 60
Clinch River Basin 7 67
Hiwassee River Basin 10 107
Elk River Basin 2 12
Duck River Basin 2 25

Local area draining to Tennessee River
between Knoxville and Chickamauga

Dam 7 146
Local area draining to Tennessee River

between Chickamauga Dam and

Guntersville Dam 5 71

*There are 14 TVA dams releasing water low in dissolved oxygen that affect 284
miles of streams. In addition, water low in dissolved oxygen released through

Cheoah and Walters Dam affects 4 miles of streams.
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Number of Stream Total Miles
Location Reaches Affected Affected

Local area draining to Tennessee River

between Guntersville Dam and

Pickwick Landing Dam 6 66
Local area draining to Tennessee River

between Pickwick Landing Dam and

mouth of Tennessee River 1 7

Of the seven major tributary basins in the Valley, the Holston and French Broad are
the most seriously polluted in terms of total stream miles affected. The Holston and French
Broad contain, respectively, 227 and 199 miles of streams degraded by pollution. Thus,
these two tributary valleys account for about 43 percent of all the miles of streams in the
entire Valley where improvement in water quality is needed. In terms of drainage area, these
two basins account for only some 22 percent of the Valley. A summary of data by states

follows:
One or More Water Uses Affected by Adverse Water Quality Conditions
Summary by States
Number of Stream Total Miles
State Reaches Affected Affected

Alabama 5 39
Georgia 5 29
Kentucky 1 7
Mississippi 0 0
North Carolina 132 1870
Tennessee ‘ 41¢ 6259
Virginia 4 100
Total o 63° 987

a. Two of the 13 reaches are continuous interstate reaches originating in Georgia.

b. Of the total 187 miles affected, 23 miles is the result of pollution sources in Georgia.

c. Four of the 41 reaches are continuous interstate reaches originating in other states—in
North Carolina, in Georgia, and in Virginia.

d. Of the total 625 miles affected, 87 miles is the result of pollution sources in other
states—37 miles from North Carolina sources, 41 miles from Virginia sources, and 9 miles
from Georgia sources.

e. The continuous interstate reaches are shown in each state total but are counted only once
in the overall total.
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Computations of assimilative capacity indicate that the provision of secondary
treatment for wastes entering some deleteriously affected stream reaches will not
sufficiently reduce the waste loads to achieve TVA’s water quality objectives. The streams
thus affected and the communities or industries discharging waste material to them are as
follows:

Stream Reaches, Affected Primarily by Municipal Waste Discharges,
That Will Not Meet TVA’s Water Quality Objectives
With the Provision of Only Secondary Treatment

Stream Municipality*
Beaver Creek Bristol, Tennessee
Big Rock Creek? Lewisburg, Tennessee
Cypress Creek? Calvert City, Kentucky
East Fork Clarks River® Murray, Kentucky
Huntsville Spring Branch Huntsville, Alabama
Obed River Crossville, Tennessee
Rock Creek Tullahoma, Tennessee
Swan Creek Athens, Alabama
Town Branch and Mud Creek Russellville, Alabama
West Chickamauga Creek Chickamauga, Georgia

1. These municipalities presently utilize secondary waste treatment facilities.
2. This stream has no natural flow during dry periods of the year.
3. The 7-day, 10-year minimum flow is zero at Murray, Kentucky.

Stream Reaches, Affected by Both Municipal and Separate
Industrial Waste Discharges,
That Will Not Meet TVA’s Water Quality Objectives
With the Provision of Only Secondary Treatment

Stream Municipality and Industry

Duck River ~olumbia, Tenne'ssee
E. 1. duPont de Nemours & Co., Inc.

Duck River Shelbyville, Tennessee
Dixie Home Poultry Corporation

South Fork Holston River Kingsport, Tennessee
Mead Corporation
Tennessee Eastman Company
Holston Army Ammunition Plant
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Stream Reaches, Affected Primarily by Industrial Waste Discharges,
That Will Not Meet TVA’s Water Quality Objectives
With the Provision of Only Secondary Treatment

Stream Industry

Cane Creek Beaunit Fibers and
Amtex, Incorporated, at
Etowah, Tennessee

Hominy Creek American Enka Corporation at
Enka, North Carolina

Nolichucky American Enka Corporation at
Lowland, Tennessee

Pigeon River Champion Papers, Inc., at
Canton, North Carolina

Until July 1, 1971, the most serious single source of poliution in the Valley (based
on miles of stream affected) was an industrial plant at Saltville, Virginia. Dissolved chlorides,
calcium, and sodium in the waste from this plant rendered some 80 miles of the North Fork
Holston River unfit as a source of water supply. Water quality in nearly 40 miles of the
upper Holston River was seriously degraded. In addition, water in many more miles of the
lower Holston and upper Tennessee Rivers was adversely affected by this waste. In July
1970, the Virginia State Water Control Board adopted water quality standards for the North
Fork Holston River that limited the concentration of dissolved solids in the river below the
chemical plant to 500 mg/l. The management of the plant determined that the standard
could not be met and decided to close on July 1, 1971, that portion of the plant from
which the major chemical wastes originated. As of June 30, 1972, the remaining plant
operations had been phased out.

It is impossible in several cases to separate the effects of industrial pollution from
municipal pollution where both types occur within the same stream reach; however, the
industrial pollution that can be specifically identified seriously affects 460 stream miles (47
percent) of the 987-mile total. Similarly, municipal pollution (including industrial waste
discharged to the municipal systems) affects 200 stream miles (20 percent) of the 987-mile
total. The dissolved oxygen content in about 290 miles of streams below 14 dams and 2
other dams is affected by low-level water releases from such dams.

Major Problem Areas

Among the Valley’s major water quality problems, the most urgent needs are in the
broad areas of industrial waste treatment and municipal waste collection and treatment.
Others of major concern to basinwide water quality are control of detrimental effects of
urban runoff, mine drainage, agricultural runoff, and stream control structures. The
following discussion briefly describes conditions within each of the major problem groups
and the needs associated with each.




Industrial Waste

The effectiveness of methods for abating industrial water pollution within the Valley
encompasses the entire spectrum of achievement. In recent years, industry in general has
made a positive response, although its capacity to do so has varied tremendously. For more
than a decade, the basin’s industrial growth has exceeded the national rate, and a major
contributing factor has been the abundance of good water. Since the role of water
undoubtedly will be greatly expanded in the future, examination of present and potential
problem areas must envision conditions that a preponderance of industries will create that
use great amounts of water in the Valley.

The principal industrial problems are centered on established users of large volumes
of water and the relatively small industries whose water demands are substantial. The slow
progress in pollution abatement achieved by established industries that use large volumes of
water can be exemplified by comparing the findings of a 1952 TVA stream pollution report
with the present status.

The 1952 report noted that eight major industries in the Valley provided no
treatment for their wastewater before discharging it to the receiving streams. Two of these
industries have installed facilities for separating and treating concentrated wastes before
discharge; two have installed facilities for partial removal of heavy metals, plus
sedimentation; one has changed the location of its waste outfall from a tributary stream to
the main channel of the Tennessee River; one has installed secondary waste treatment; and
one has modified its manufacturing process in order to reduce its organic waste load, but is
now planning to phase out its operations. The eighth industry has discontinued operations
rather than provide treatment for its waste.

Relatively small industries that use sizable quantities of water—the second broad
industrial category—are numerous and distributed throughout the basin. When located in
isolated areas, the water quality problems they create are usually fairly localized. The
availability of high quality water was often a major consideration in selection of the plant
site.

Plants located in urban centers either are discharging to minor streams, a local major
stream, or to public sewerage systems. In the latter case, the problem of controlling pollution
is complicated because frequently municipal sewerage systems have only limited capacity
for treating and monitoring industrial waste.

Municipal Waste

Municipalities and special sewerage districts dealing with demands for disposal of
urban wastewater face seemingly endless problems. Facilities to adequately treat municipal
wastewater loads, including a substantial portion of industrial waste, are managed, financed,
and operated by individual local governments. There are five standard metropolitan
statistical areas with populations of 100,000 and greater within the Valley, each utilizing
various approaches to implementing wastewater treatment needs. In addition, about 170
communities are served by some system of wastewater collection and treatment. This does
not include such institutions as schools, hospitals, prisons, camps, and small independent
sewerage districts that maintain their own facilities.

In many cases these communities lack the population density or resource base
required for efficient administration of a modern sewerage system, even though their
wastewater disposal needs are substantial. In too many cases, treatment plants that were
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properly designed and constructed do not serve their full purpose because they are
improperly operated. In metropolitan areas, wastewater collection and treatment can
present special problems because of the multiplicity of political jurisdictions frequently
involved. This is the case in the metropolitan areas of Chattanooga and Knoxville,
Tennessee. '

The Chattanooga urban area receives drainage from two entire Georgia counties, a
major portion of a third Georgia county, and an extensive sewerage system designed to serve
the major part of the tributary drainage area. However, six small incorporated communitites
within the area, three of which are within the area of Chattanooga’s present interceptor
service, provide some form of independent sewerage service. Chattanooga has added
secondary treatment units to its main sewage plant at Moccasin Bend that have a design
capacity of 42 million gallons daily. The basic plant was accepted on July 28, 1971, but
completion of the plant is being held in abeyance pending completion of certain contracts
by subcontractors. Presently, 68 percent of the organic loading to this plant is of industrial
origin.

The city of Chattanooga is engaged in a series of annexation programs in Hamilton
County. At present, approximately 103,000 people within the county, or about 39 percent
of the population, are without sewerage service. A study was made of the county’s sewerage
needs, and a master plan was proposed for that portion of the area tributary to
Chattanooga. The proposed engineering plan, utilizing Chattanooga’s interceptor sewerage
system, was presented to the county council in early 1967.

Walker County, Georgia, also prepared an engineering report covering the northern
portion that is tributary to Chattanooga. This section of the county has been without
sewerage service, except for a segment of the city of Rossville which for years has had a
working agreement with Chattanooga. The city of Chattanooga reached a formal agreement
with Walker County to accept sewage flow from the entire tributary drainage area into its
interceptor sewers.

Catoosa County, Georgia, where 17,000 of the total 23,700 population are without
waste treatment facilities, retained a consulting engineering firm to develop a master
sewerage plan for the entire county. The plan has been completed and submitted to the
State Health Department and Federal agencies for approval.

The third Georgia county draining into the Chattanooga area is Dade, a sparsely
populated county. It has only one small incorporated community where sewerage and
sewage treatment facilities were completed in late 1971.

In the case of Knoxville, an annexation sewerage program is nearing completion.
This program, which includes expansion and addition to Knoxville’s sewerage and sewage
treatment facilities, was funded through extensive revenue bonds. Roughly 71 percent of
greater Knoxville’s 186,000 population is served by waste treatment facilities. During 1968
the city placed two secondary sewage treatment plants into operation. About 80 percent of
the present organic loading in the city’s 36-million-gallon-per-day main treatment plant is of
industrial origin.

Knoxville’s annexation program has been limited to Knox County. During recent
years there has been rapid residential development in the western part of the county. Much
of this area drains away from the city to the Clinch River. Development has also been rapid
in the southern part of the county, which, along with the Knoxville urban area, drains to the
Tennessee River’s Fort Loudoun Reservoir. Because of poor subsurface drainage
characteristics, the Federal Housing Administration withdrew its approval for further
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development of these rapidly growing western and southern parts of Knox County until
proper sewerage facilities could be provided. Of Knox County’s 82,800 population outside
the Knoxville city limits, only 7,900 are served by sewerage and waste treatment facilities.

There are in Knox County seven small public utility districts that provide water
supply and a few that provide some sewerage service. Following the Federal Housing
Administration’s action, several of the districts proposed to undertake sewerage service for
themselves, but there was strong opposition to this approach on the basis that effective
planning and utilization of resources could not be realized on such a small scale. The
Metropolitan Planning Commission is evaluating all service needs of all areas in Knox
County. The findings will be used to determine the feasibility of the city’s annexing all or
part of the study areas.

Blount County’s principal drainage system is the Little River, which enters an
embayment of Fort Loudoun Reservoir just below Knoxville. The only sewerage service in
the county is provided by two incorporated communities—Alcoa and Maryville. These two
communities are contiguous; however, each maintains its own collection and treatment
facilities, and each discharges its waste to Pistol Creek at outfalls about six miles apart. By
1975 these communities will be served by a new regional plant located on Little River with
discharge to the Tennessee River.

An example of consolidated wastewater management in a major community is found
in Asheville, North Carolina. For many years, the Asheville metropolitan area has been a
major contributor to water quality problems that have plagued the upper French Broad
River. To cope with the problem, the North Carolina State Stream Sanitation Committee in
January 1962 established the Metropolitan Sewerage District of Buncombe County. This
action combined the sewerage systems of the city of Asheville, the towns of Biltmore
Forest, Weaverville, and Black Mountain, and ten sanitary districts operating within the
county.

In December 1963 the district’s voters approved a bond issue totaling $10,400,000.
It was a general obligation bond issue, carrying the full faith and credit of the district,
payable from an unlimited ad valorem tax, and additionally secured by a pledge of the net
revenues of the district’s sewerage system. The Enabling Act authorized and empowered the
district to (a) acquire, lease, construct, extend, maintain, and operate any sewerage system
within or without the district; (b) issue and secure its general obligation bonds or revenue
bonds; (c¢) fix, revise, and collect rents and fees for use of sewerage service; and (d) make
and enter into contracts with governing bodies of any political subdivisions for sewerage
service.

By early 1968 the district had completed and put into operation a
25-million-gallon-per-day sewage treatment plant, whose interceptor sewer system serves the
major metropolitan area (98 percent of the district’s waste), and a small collection and
treatment system that serves the Weaverville community.

Urban Runoff

Urban runoff, a problem that is national in scope, is detrimental to water quality
and difficult to control. This is reflected in the 1966 Clean Water Restoration Act, which
authorizes specific research and development grants to deal with the problem. Projects
currently funded under this authorization range from the development of automated
control systems to demonstrating the effectiveness of holding ponds in stabilizing combined
sewer overflow or heavily infiltrated wastewater.
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As might be expected, the greatest impact on water quality from urban runoff is in
metropolitan areas. Of particular concern is the feasibility of attaining the water quality
required for water-contact recreation. Some sections of the collection systems of both
Knoxville and Chattanooga have combined storm and sanitary sewers, and, in addition,
there is considerable seepage of ground water into the cities’ older sanitary sewers. Both
metropolitan areas drain to reservoirs—Knoxville to Fort Loudoun and Chattanooga to
Nickajack—that carry use classification for water-contact recreation. Separating storm water
and waste water systems or providing storage lagoons to retain peak flows can be extremely
costly. In addition, Knoxville has very limited available land for an interceptor lagoon at the
site of its main treatment plant. Chattanooga has had engineering studies made and has
purchased land for such a lagoon at its main plant.

Since urban runoff has very high bacteriological counts, storage of these combined
storm and sanitary wastes during periods of high flows following storms would greatly
improve conditions in Nickajack, but the adequacy of these measures remains to be
determined. Improvement of bacteriological conditions in Fort Loudoun will be much more
difficult because of limitations on plant sites and because an extensive portion of the
population of the metropolitan area is without sewerage service.

Neither Asheville, North Carolina, nor Huntsville, Alabama, has combined sewers in
its collection system, but extensive infiltration is common to both. Although the French
Broad River is not classified for contact recreation throughout its length in North Carolina,
completion of Buncombe County’s metropolitan sewage plant has improved the
bacteriological quality below Asheville. The high infiltration rate badly needs to be
corrected to protect the district’s great investment in its interceptor sewer and treatment
capacity.

Huntsville, faced with a similar problem of infiltration, purchased television
equipment to inspect its sewers, a move that has proved effective in identifying major joint
and pipe problems. Because of rapid growth of the city’s sewer system, coupled with limited
maintenance and repair crews, the overall reduction of infiltration is very difficult. The
bacteriological effects of Huntsville urban runoff and extensive sewer infiltration have the
greatest impact on Huntsville Spring Branch and Indian Creek embayment of Wheeler
Reservoir. The state of Alabama has classified the section of Wheeler Reservoir from Indian
Creek downstream to Flint Creek for water-contact recreation.

Many other areas of the Valley have similar bacteriological problems. Decatur,
Alabama—where water is classified for water-contact recreation but present quality is
unsuitable—plans to construct secondary treatment facilities at its waste disposal plant in
the near future.

Mine Drainage

There is extensive mining activity throughout the basin. Phosphate is extracted in
the Duck and Elk Basins, and mica, feldspar, and clay are mined in the French Broad Basin.
Zinc mines operate in the Holston Basin, and iron ore is mined in Alabama’s Bear Creek
Basin. Marble is quarried near Knoxville, Tennessee, and near Murphy, North Carolina.
There are copper mines in the Hiwassee Basin. Barite deposits are mined in the lower Little
Tennessee River area, and coal is mined in the Clinch, Emory, and Sequatchie watersheds
and along the Tennessee River in northern Alabama.

These mining activities can impair water quality in two ways. First, there is the
problem of siltation, which is common to most mining activities. Second, there is the
problem of acid drainage, which is related primarily to coal mining.




26

In improperly managed strip mining, siltation occurs by erosion of the removed
overburden and unreclaimed mined areas. The discharge from ore processing is another
source of silt. Sedimentation, which is the normal method used to remove silt from the
ore-processing waste, often creates massive volumes of tailings that can also be subject to
runoff and erosion. Gravel and coal washeries and limestone sawmills and crushers also can
contribute to problems of siltation and turbidity. Portable operations that remove sand and
gravel from stream beds disturb many local areas since they are moved frequently to
decrease haul distances.

The effects of silt and sediment on aquatic flora and fauna vary with species and
with concentrations of pollutants. Fine silt may stay in suspension; large particles blanket
the stream bottom and smother desirable aquatic life. Silt and sediment reduce light
transmittance, absorb organic and other substances and thereby cause further depositions,
and may alter temperature gradients.

The mining and processing of feldspar, mica, and clay cause turbidity and siltation in
North Toe and South Toe Rivers in the French Broad Basin. The extent of this problem has
not been fully assessed. Water supply dictates the location of processing plants adjacent to
the rivers. The massive tailings from these operations are deposited in adjacent diked areas
to reduce hauling distances. A typical mica processing plant normally operates around the
clock, six days a week, and processes 600 tons of raw ore daily to obtain 60 tons of
product.

Extensive phosphate mining in the Duck River Basin impairs water quality of the
river from Columbia to its mouth. The problems are turbidity and siltation from strip- or
area-mining runoff and ore-processing operations. In all cases the ore-processing plants
operate large tailing ponds into which their mining wastes flow for sedimentation before
being discharged to the Duck River or its tributaries; however, the overflows generally
contain fine, suspended materials.

Ocoee River’s “‘copper basin” offers a striking example of the effects of mining and
ore extraction on water quality. Because of large quantitites of process waste discharged to
the Ocoee River by Tennessee Copper Company (now Cities Services Company), and
excessive erosion in the “copper basin,” the combined effects of acid water and siltation
have seriously impaired the aquatic life in the three Ocoee Reservoirs. Often the pH is below
the TVA criterion of 6.5 (fish and aquatic life) from the waste source to the confluence
with the Hiwassee River, a distance of about 37 miles.

Acid mine drainage also is causing a problem in the Emory River Basin. Acid is
formed from drainage of active and abandoned coal mines, but is confined to the basin’s
minor tributaries.

There are indications of acid mine drainage in some tributaries of the Clinch River in
Virginia and Tennessee, of the Sequatchie River, and of some tributaries draining into
Nickajack Reservoir. The magnitude has not been fully assessed, but indications are that it is
minimal at this time.

Since 1965 there has been a surge of legislation for reclamation of strip mines within
the Tennessee River Basin. Kentucky enacted its reclamation law in 1954 and amended it in
1956, 1960, 1964, 1965, and 1966; Virginia enacted its law in 1965 and amended it in
1968; Tennessee and Georgia enacted their laws in 1967; Alabama and North Carolina
enacted their laws in 1969 and 1971, respectively. To date Mississippi is the only Valley
state that has not passed any specific legislation for reclamation of strip mines. Since 1965
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TVA has required its coal contractors to provide reclamation including water control
measures during and after mining to minimize erosion and to replant all land disturbed by
the mining process. In 1971 TVA tightened its reclamation requirements to include a mining
plan as well as more stringent standards. State legislation in some cases requires posting of
performance bonds and obtaining yearly permits to ensure compliance with the law.

There have not been sufficient studies since passage of the reclamation laws to fully
determine their effectiveness in controlling pollution from mining activities. Extensive
biological studies in the major mining areas of the Valley can determine the extent of fish
food-chain effect and help identify need for further regulatory action.

Agricultural Runoff

Agricultural runoff presents various problems to water quality management, one of
the major ones being the relative uncontrollability of some sources of pollution. Runoff and
seepage from agricultural land enter water-courses over widespread areas in contrast to point
sources of waste from municipal and industrial sewerage systems. As a result, the effects of
agricultural runoff are generally more subtle than those from municipal or industrial sources
and at times are attributed to “background’ conditions.

Agricultural runoff may contain silt, organic material, bacteria, pesticides, and
nutrients—each of which may impair water quality for some beneficial use.

Silt effects noted under the discussion of mine drainage are applicable to agriculture;
in addition, silt may act as a vehicle to transmit such pollutants as pesticides, nutrients,
bacteria, and toxicants.

Sources of organic material in agricultural runoff include surface drainage from
cattle feedlots and other areas where animals are concentrated in relatively large groups,
excreta deposited by domestic and wild animals either at the edge or directly into bodies of
water, drains from animal quarters and milking rooms, seepage from silos, runoff from
manured fields, and effluents from animal waste disposal lagoons.

In the French Broad River Basin, one feedlot operation located adjacent to the
Nolichucky River handles 10,000 cattle annually. Waste from a herd of this size is estimated
to be equivalent to domestic waste from a town of 165,000 people.

The trend toward fewer farms and larger herds points to a greater need for
controlling waste from these sources. The magnitude of the problem is indicated by the fact
that on a national level the waste strength from farm animals is estimated to be 10 times
that of the human population. As a step toward dealing with this, stabilizing lagoons and
irrigation systems are being tried on a limited scale to treat waste from feedlot operations;
however, the effectiveness of these systems needs to be evaluated, and other methods need
to be devised to deal with this increasing problem.

Surveys in the Duck River Basin in 1963-1964 showed that coliform concentrations
increase with streamflow; highest values occur during periods of greatest runoff from
agricultural lands. This pattern has been observed in other studies in the Southeast and
probably occurs in the remainder of the Valley. The study also revealed that during periods
of low flow, the primary source of coliform organisms was point discharges of domestic
waste. To maintain acceptable bacteriological quality in streams and reservoirs to be used
for recreation, there must be increased effort to control agricultural sources of coliform
organisms.
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Much is known about the short-term effects of pesticides at normal application
levels, but less is known of the effects of long-term low-level exposure. A significant effect
of some low-level pesticides is that which occurs as organisms at the lower end of the
biological scale become contaminated with pesticides and are consumed by higher
organisms. As this proceeds along the biological scale, it is possible for the pesticide content
in some species to reach lethal concentrations under certain conditions.

Nutrients enter watercourses from four major sources: agricultural runoff, sewage
treatment plant effluents, runoff from city streets, and waste from some industries.
Excessive amounts of these nutrients may induce undesirable aquatic growths that are
unsightly, produce odors, exert oxygen demand, and interfere with recreational uses.
Aquatic weed growth has been heavy in Pickwick and Guntersville Reservoirs in northern
Alabama and in the Holston River upstream from Cherokee Reservoir in northeastern
Tennessee.

Nitrogen and phosphorus in water and sediment are believed to stimulate growth of
aquatic weeds, but trace amounts of at least ten other mineral elements are known to be
essential to sustain the growth. These essential nutrients normally are found in such
quantities as to not limit aquatic growth, although there are other known factors that do
limit growth, such as temperature, light penetration, and stream velocity. Just as no control
levels have been established for pesticides, none have been established for nutrients.

Water Control Structures

The 32 major and 9 minor dams and reservoirs in the Tennessee Valley probably
provide more effective control over streamflows than exists on any watershed of comparable
size in the world. In general, these water control structures smooth out variations in
streamflow—reducing peak rates of flood runoff and increasing streamflows during periods
of dry weather—and are beneficial in controlling stream pollution. The reservoirs act as
tremendous settling basins and thus reduce concentrations of suspended silt. Because of the
size of the reservoirs, however, siltation reduces their combined storage capacity by only 1
percent every ten years. Bacteria from sewage sources are held in the pools for relatively
long periods of time during which most of them die. Thus, reservoirs serve as effective
barriers between upstream points of pollution and downstream points of water use.

The use of dams and reservoirs for generating hydroelectric power results in
intermittent releases of water, varying the flow downstream from hour to hour and usually
from day to day. In some situations these variable flows may present problems of various
kinds to downstream water users—including municipalities and industries that must rely on
these streams to receive and carry off the effluent from their waste treatment facilities. Even
after effective treatment, these liquid effluents frequently require considerable dilution
before the receiving water is suitable for reuse. If controlled flow in the stream is very low
for extended periods, water quality may be adversely affected unless at such times provision
is made to limit discharges of wastes.

Dissolved oxygen is essential to aquatic life and is required in the natural,
biochemical stabilization of organic wastes. Water released during the warmer months of the
year from the deeper levels of some reservoirs that have low-level power intakes is low in, or
devoid of, dissolved oxygen. Dissolved oxygen is depleted by the total respiratory demands
of the aquatic community, and surface reaeration is prevented by thermal stratification.
Water quality problems can and do occur downstream from these deep reservoirs, and
upstream pollution may or may not be involved. Low concentrations of dissolved oxygen
exist in waters discharged from some reservoirs in the Valley above which there is essentially
no manmade pollution.
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There are several potentially feasible methods of controlling levels of dissolved
oxygen in releases from existing reservoirs, namely, (1) control of dissolved oxygen levels in
the reservoir, (2) selective withdrawal of reservoir water, and (3) aeration of reservoir
releases. Selection of the most feasible method is dependent in large measure upon the uses
to be made of the water in the reservoir and downstream. The practical application of any
of these methods requires extensive research, engineering design, and economic studies.

A preliminary study of the various methods for controlling levels of dissolved
oxygen in reservoir releases indicates that turbine venting, some form of diffused air
aeration, or injection of pure oxygen hold the most promise for solution of the problem.
Large-scale tests and demonstrations of the more promising methods would be needed
before plans could reasonably be made for operational applications. TVA is now studying
alternative methods of reservoir operation, aeration of the reservoir and tailrace, and other
potential methods of alleviating the problem.
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3. Non-Water-Contact Recreation
4. Water-Contact Recreation
5. Management of Coldwater Fish
Parameter Impairing Use
a. Temperature f. Dissolved Oxygen
-b. Color g. pH
c. Taste and Odor h. Fluoridgs,
d. Floating and Settieable Solids i. Toxic Substances
e. Fecal Coliform Bacteria j. Other Chemical Substances

Volumes and strength of industrial waste not shown.

Areas in the immediate vicinity of municipal waste discharges
are not considered suitable for water-contact recreation.

Some serious local pollution conditions not shown

Nature, degree, and frequency of needed
improvement varies with location, level of

stream-flow, and season of the year.
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Number indicates population equivalent of BOD released to stream.
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Number indicates population equivalent of BOD before treatment.

Area of the symbols is proportionate to the population equivalent for those
values in the range of 2,000-500,000

=g Satisfactory water quality

N water needing improvement for one type of use

& Water needing improvement for two types of uses
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SYMBOLS:

Municipal surface water supplies.

- Number indicates population served.

Municipal ground water supplies.

gl Number indicates population served.

Industrial surface water supplies.
Number indicates daily usage in million gallons.

tndustrial ground water supplies.

az Number indicates daily usage in million gallons.

Area of symbols is proportionate to the daily usage in million gallons or
population served for those values in the range of 0.2-50 or 2,000-500,000
respectively.

Municipal water supplies serving populations less than 100 are not shown.

W
|

LOCATION MAP

Figure VI-1
WATER SUPPLIES

HIWASSEE RIVER WATERSHED

SCALE OF MILES
10 0 10

20

CHEH T = E

TENNESSEE VALLEY AUTHORITY
DIVISION OF HEALTH AND SAFETY

WATER QUALITY BRANCH
JANUARY 1969

35°30r —

3570y —|




CRESCENT HOSIERY MILLS

CHEROKEE PHOTO FINISHERS
PLASTIC INDUSTRIES iun
LAKE

K
SPORT WEAR HOSIERY MilL

CLEVELAND-TENNESSEE ENAMEL CO. !
HARDWICK CLOTHES

85°00

ILLS, INgfp

#E

7
i
o

r 3

et

. o C E:
,2|11 Py

Cleveland

MAGIC CHEF, INC.

85°00

AM POWERHOUSE "
i N e <
DAM/POWERHOUSE __

&
s b Ok
N\
1g.i;29=F 7

M

OEE NG
DA

.

AMIETOR 19,i,i;2g,i
19,1,i;5d,9,i

19,i,ii29,i;49

1g,i,i; 29,i;3d;4d,g
1g,i,i;2f,g,i;3d

1g,i;2f,9,i;3d

TYPES OF USES

) / ! o&( 8 %59 Mthen g 7 ngiewoégd\(:

Sweetwater

568”?;14 Sd
28K 2,0

\’ 3 2 %M.wé
3\ ~7BEAUNIT FIBE
S BLOCKSOM &
gNI756 s ¢

i3

e
STONE P Rogpi

i
.

1. Water Supplies
2. Propagation of Warmwater Fish
3. Non-Water-Contact Recreation
4. Water-Contact Recreation
5. Management of Coldwater Fish
Parameter Impairing Use
a. Temperature f. Dissolved Oxygen
b. Color g. pH
¢. Taste and Odor h. Fluorides
d. Floating and Settleable Solids i. Toxic Substances
e. Fecal Coliform Bacteria j. Other Chemical Substances

Volumes and strength of industrial waste not shown.
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Nature, degree, and frequency of needed
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stream-flow, and season of the year.
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SYMBOLS:

Sewage pollution.

> Number indicates population equivalent of BOD released to stream.

Sewered population.

™ Number indicates population eguivalent of BOD before treatment.

Area of the symbols is proportionate to the population equivalent for those
values in the range of 2,000-500,000.

> Satisfactory water quality

W Water needing improvement for one type of use

& water needing improvement for two types of uses

Water needing improvement for three or more types of uses
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Figure VI-2

WASTEWATER DISCHARGES
AND STREAM CONDITIONS
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DISSOLVED OXYGEN

FECAL COLIFORMS
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FRVED QUALITIES OF WATER
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YMBOLS:

Municipal surface water supplies.

®  Number indicates population served.

Municipal ground water supplies.

nd Number indicates population served.

Industrial surface water supplies.
Number indicates daily usage in million gallons.
Industrial ground water supplies.
®  Number indicates daily usage in million gallons.

rea of symbols is proportionate to the daily usage in million gallons or
opulation served for those values in the range of 0.2-50 or 2,000-500,000
espectively.

unicipal water supplies serving populations less than 100 are not shown,
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LOCATION MAP

Figure VII-1
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TYPES OF USES
1. Water Supplies WHEggg
2. Propagation of Warmwater Fish
3. Non-Water-Contact Recreation
4.  Water-Contact Recreation
5. Management of Coldwater Fish
Parameter Impairing Use
a. Temperature f. Dissolved Oxygen .
b. Color g pH SYMBOLS:
¢. Taste and Odor h. Fluorides - Sewage
d. Floating and Settleable Solids i. Toxic Substances Number
e. Fecal Coliform Bacteria j. Other Chemica! Substances Sewered
Numbep
Volumes and strength of industrial waste not shown.
Area of the
o Areas in the immediate vicinity of municipal waste discharges values in the
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WASTEWATER DISCHARGES
AND STREAM CONDITIONS
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DISSOLVED OXYGEN

FECAL COLIFORMS
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FIGURE VII-3
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cipal surface water supplies.
er indicates population served.

cipal ground water suppties.
er indicates population served.

trial surface water supplies.
er indicates daily usage in million galions.

trial ground water supplies.
er indicates daily usage in million gallons.

mbols is proportionate to the daily usage in million gallons or

| served for those values in the range of 0.2-50 or 2,000-500.000
ly.

water supplies serving populations less than 100 are not shown.
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LOCATION MAP

Figure VIII-1
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4.  Water-Contact Recreation : ;
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Parameter Impairing Use 4
a. Temperature f. Dissolved O{ygen
b. Coler g. pH i
c. Taste and Odor h. Fluorides
d. Fioating and Settieable Solids i. Toxic Substances
e. Fecal Coliform Bacteria j. Other Chemical Substances
Volumes and strength of industrial waste not shown.
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are not considered suitable for water-contact recreation.
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Some serious local poliution conditions not shown.

Nature, degree, and frequency of needed
improvement varies with location, level of

stream-flow, and season of the year.
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WASTEWATER DISCHARGES
SYMBOLS: AND STREAM CONDITIONS

> Sewage pollution.

Number indicates population equivalent of BOD released to stream. DUCK RIVER WATERSHED
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THE LOCAL AREA DRAINING TO THE
TENNESSEE RIVER BETWEEN
KNOXVILLE, TENNESSEE, AND CHICKAMAUGA DAM
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MBOLS:

Municipal surface water supplies.
Number indicates population served.

- Municipal ground water supplies.
Number indicates population served.

Indystrial surface water supplies.
Number indicates daily usage in million gallons.

Industrial ground water supplies. -

Number indicates daily usage in million gallons.
a of symbols is proportionate to the daily usage in million gallons or
ulation served for those values in the range of 0.2-50 or 2,000-500,000
pectively.

icipal water supplies serving populations less than 100 are not shown.
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SYMBOLS:
Sewage pollution.
Number indicates population eguivalent of BOD released to stream.

Sewered population.
Number indicates population equivalent of BOD before treatment.
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Area of the symbols is oroportionate to the population equivalent for those
values in the range of 2,000-500,000.
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TYPES OF USES

Water Supplies

Propagation of Warmwater Fish
Non-Water-Contact Recreation
Water-Contact Recreation
Management of Coldwater Fish
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Parameter Impairing Use

Temperature f. Dissolved Oxygen
Color . pH

Floating and Settleable Solids . Toxic Substances
Fecal Coliform Bacteria

® o0 oo
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Taste and Odor h. Fluorides
i
j

Volumes and strength of industrial waste not shown.

Areas in the immediate vicinity of municipal waste discharges
re not considered suitable for water-contact recreation.

ome serious focal pollution conditions not shown.

ature, degree, and frequency of needed
mprovement varies with location, level of
tream-flow, and season of the year.
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THE LOCAL AREA DRAINING TO THE
TENNESSEE RIVER BETWEEN
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YMBOLS:

Municipal surface water supplies.
Number indicates population served.

Municipal ground water supplies.
Number indicates population served.

Industrial surface water supplies.
Number indicates daily usage in million gallons.

Industrial ground water supplies.
Number indicates daily usage in million gallons.

rea of symbols is proportionate to the daily usage in million gailons or
opulation served for those values in the range of 0.2-50 or 2,000-500,000
espectively.

unicipal water supplies serving populations less than 100 are not shown.
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TYPES OF USES
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DIXIE SAND & GRAVEL CO.
SAMUEL STAMPING & ENAMELING
GENERAL PORTLAND CEMENT CO.
U.S. PIPE & FOUNDRY CO.
AMERICAN CYANAMID CO.
TENNESSEE PAPER MILLS

. 33
1. Water Supplies ;,,»«
2. Propagation of Warmwater Fish
3. Non-Water-Contact Recreation 1 G
™~ 5oy 4. Water-Contact Recreation . Montedele .
5. Management of Coldwater Fish i By% D m\ég
) 5 Al T_CY
Parameter Impairing Use Sewanee g3~ Bl N S
a. Temperature f. Dissolved Oxygen R £X /}
b. Color g. pH ! 2,400~ h ]
c. Taste and Odor h. Fluorides PN 3 f =
d. Floating and Settieable Solids i. Toxic Substances w7 H N {}?\i
e. Fecal Coliform Bacteria j. Other Chemical Substances (R AR 1N !} g\} :
Volumes and strength of industriat - waste not shown. w) = - M g}% B
S
Areas in the immediate vicinity of municipal waste discharges W ; {\‘
are not considered suitable for water-contact recreation. e “WW Q H
Gt y A T
k 7 0
Some serious local poilution conditions not shown. j AL ‘ Hf\TCHIE WASH(;é
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stream-flow and season of the year.
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SYMBOLS: CRANE CO.
m» Sewage pollution.
Number indicates population equivalent of BOD released to stream.
—> Sewered population.

Number indicates population equivalent of BOD before treatment.
Area of the symbols is proportionate to the population equivalent for those
values in the range of 2,000-500,000.

Z2- gatisfactory water quality
W Water needing improvement for one type of use

& Water needing improvement for two types of uses

Water needing improvement for three or more types of uses
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— VULCAN MATERIALS CO.
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1,167 29,210
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FIGURE X-3
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SYMBOLS:

— Municipal surface water supplies.
Number indicates population served.

ws Municipal ground water supplies.
Number indicates population served.

Area of symbols is proportionate to the daily usage in million gallons or

population served for those values in the range of 0.2-50 or 2,000-500,000

respectively. Municipal water supplies serving less than 100 are not shown,
Ly 8700 .
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Number indicates daily usage in million gallons. Cullman ;, ‘H,HWZH/
e _zacm»:m._ ground water m:cvr.nw . w
Number indicates daily usage in million gallons. ” UH/:
|




86°00"

LOCATION MAP

Fayetteville

35°00" —

)
2

unnd
B
&
o

215 W . ~
o 280 4 ﬂ
¢ Love ¢ ok h e o o &;UVAM?&
Ol4 * 7
Letrow @p% . \\
1,463 v
] it 34°30" —
¥ by B
W X \\ UN ﬂmw,w VILLE
MARSHALN LAKE

GUNTERSVILLE DAM &2

N A , Figure XI-1
, Q;W ¢ = WATER SUPPLIES

;Hmw LOCAL AREA DRAINING TO THE TENNESSEE
RIVER BETWEEN GUNTERSVILLE DAM AND
PICKWICK LANDING DAM

SCALE OF MILES

10 0 10 20
i - I —

TENNESSEE VALLEY AUTHORITY
DIVISION OF HEALTH AND SAFETY
WATER QUALITY BRANCH
JANUARY 1969

86°00

|




f— 35°00°

— 34°30

ARMOUR AGRICULTURE CHEMICAL CO.

88°00/

87°00

MURRAY OF OHIO

2,116 @ Hméwmwamvﬁm ,

) MARSHALL SPACE FLIGHT CENTER (NASA)
e STAUFFER #1 |
UNION CARBIDE |

|
A ayetteville

# | TYA-COLBERT<(
" STEAM PLANT -

_TENNESSEE FAR

SYMBOLS:

Sewage pollution.
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N

/V<__.mOZ DAM

REDSTONE AR
2 N O ¢

Hurricane

- Number indicates population equivalent of BOD released to stream. e COOPERATIVE

Sewered population. L4 on
= Number indicates population equivalent of BOD before treatment. M\\ — ) g—m_.__.w_m_wﬂﬂb,o _.Um
Area of the symbols is proportionate to the population equivalent for tho ﬁmowe»sfmimﬁmaggs s N . : @»»
values in the range of 2,000-500,000. " 679 e DAM NATIONAL FERTILIZER LTVA POWERSERVICE CENTER 5

N ., DEVELOPMENT CENTER Y Sy

5> Satisfactory water quality 68 o YL CHEMSTRAND CORP:
N Water needing improvement for one type of use /, LITTLE BEAR ¢ /N .
& water needing improvement for two types of uses s s CREEK DAM mm Mw./&u%u R

Water needing improvement for three or more types of cmmw;@%m@m\@ %NW/ § 7 Mm@, WnmeEo

TYPES OF USES ffw e M/v. STOLITE CO. ’I , 345
1. Water Supplies P o
2. Propagation of Warmwater Fish f%// S Moy quﬁ,nm/%.%. _m\_mo gnymg
3. Non-Water-Contact Recreation S DIAMOND ALKALI : 1 e pa 4
4. Water-Contact Recreation i // P /031 108, w >ZU
5. Management of Coldwater Fish \ o~ o - /(A%%a, - -._umuw HLOO»PHL >

i b - ;W N\ AT T
-+ Temmerature o meter tmpairing Use U.S. PIPE AND FOUNDRY CO. (b0 CALUMETANDIHECLA, INC. v RIVER BET
b Color f- Dissolved Oxygen  SHOOK & FLETCHER SUPPLY CO. R N | P!
. ) — o |

¢. Taste and Odor b Fluorides s - GENERAL ANILINE & m;z; ROHM & HAAS
d. Floating and Settleable Solids i. Toxic Substances ~ OLIN MATHIESON THIOKOL CO
e. Fecal Coliform Bacteria j. Other Chemical Substances STAUFFER twg ' 10
Volumes and strength of industrial waste not shown. Cullman
Areas in the immediate vicinity of municipal waste discharges ‘H,szz
are not considered suitable for water-contact recreation. DIVI

Some serious local pollution conditions not shown.

Nature, degree, and frequency of needed
improvement varies with location, level of

stream-flow, and season of the year. 80
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